Comparative binding energy (COMBINE) analysis of OppA-peptide complexes to relate structure to binding thermodynamics.
The periplasmic oligopeptide binding component (OppA) of the oligopeptide permease found in Gram-negative bacteria acts as a receptor for peptide transport across the cell membrane and is a potential target for antibacterial drug design. OppA exhibits broad specificity, binding to diverse peptides of 2-5 amino acid residues length. Crystallographic and calorimetric measurements have been carried out by Tame et al. of the binding of 28 peptides of sequence K-X-K to OppA, where X is a natural or nonnatural amino acid. Despite this extensive experimental characterization, a clear relationship between structural and thermodynamic parameters could not be readily identified, with a complicating factor being the observation of varying numbers of water molecules at the binding interface in the different complexes. Consequently, we have applied COMparative BINding Energy (COMBINE) analysis to derive quantitative structure-activity relationships (QSARs) for these 28 OppA-tripeptide complexes. This is the first application of COMBINE analysis to predict binding enthalpies and entropies, and predictive QSAR models were obtained for these quantities as well as for binding free energies. These QSAR models highlight several protein residues and bound water molecules in the binding site, as well as the electrostatic desolvation energies of the protein and the peptides, as responsible for most of the differences in binding thermodynamics between the peptides studied. The QSAR models aid rationalization of the determinants of binding affinity of the OppA:peptide complexes and provide guides for further ligand design. This study also points to the general applicability of COMBINE analysis to estimating thermodynamic parameters for protein-peptide complexes.